Objective: The objective of this study was to investigate the relationship between the objectively measured mobility status of rural community-dwelling older people and their use of formal and informal services. Design: Observational cross-sectional study. Setting: Community volunteers, rural New South Wales, Australia. Participants: Seventy community-dwelling people aged 80 years or older. Main outcome measures: The sum of formal and informal services used, expressed as both total hours per month and the risk of using five hours (the median) or more per month. Predictor variables were usual gait speed, Four Square Step Test, short physical performance battery and de Morton Mobility Index. Results: Each predictor variable was significantly associated with service use as a continuous or dichotomous variable. The strongest associations were with gait speed and the short physical performance battery continuous scoring. These relationships remained significant after adjusting for likely confounders, including age, sex, nutritional risk status, cognition and negative affect. Conclusion: This study provides strong evidence that the worse an older person's objectively measured mobility scores, the greater their use of community services to remain living in their rural community. Every measure of mobility proved to be strongly associated with the hours of service use. This objective evidence enhances previous knowledge based on selfreport measures. The impact on service use of strategies that enhance older people's mobility warrants investigation.
Introduction
Retention of sufficient mobility-related independence to remain living in their own home is a critical issue for older people. 1 In rural settings, older people may be disadvantaged, compared to their peers in urban areas, by the geographic distribution of housing, family support and community assets and services, coupled with poor or non-existent public transport. These factors may increase the perception of risk to the older rural-dwelling person living at home and influence decisions regarding service provision.
Formal government-funded community support services are provided to enable older people with physical limitations to live in their home. Informal support by family members is also common and often exceeds levels of formal support. 2 Mobility status is a key component of assessments for access to governmentfunded support, but there is no specific demand for formal objective mobility assessment. 3 Research into the specific relationship between objectively measured mobility limitation and use of services is largely absent from the literature in general, let alone the rural health literature. Most studies base their findings on self-reports or indirect assessments of mobility status, frailty, activities of daily living dependence or disability. [4] [5] [6] [7] [8] One large Australian observational study found an association between apparent mobility disability and formal service use; however, they did not use a validated measure of mobility status. 5 A study of care recipients found an inverse relationship between gait speed and hours of allocated services. 6 A large study in England found that selfreported difficulties with the instrumental activities of daily living had the strongest association with service use from any source, followed by self-reported difficulties with the basic activities of daily living. 7 They found weaker but significant associations between selfreport mobility limitations and informal and government-provided services. Another study also found an association between self-reported disability in basic ADL and community services use. 4 There is currently no objective evidence base to guide decisions or advice on mobility-related services for older people living at home. When there are observed or self-reported mobility concerns, health professionals are likely to decide services will be necessary or that it is unsafe for the older person to live at home. Such decisions may be improved if guided by research assessing the relationship between objective mobility status and use of these types of assistance. Inclusion in the analysis of informal supports, not accessed through the government system, would enhance the validity of any findings. Therefore, our study aimed to answer the question: what is the relationship between the objectively measured mobility status of rural community-dwelling older people and the extent of their use of formal and informal support services? Our hypothesis was that there would be a strong association between objectively measured mobility status and use of services; the worse their mobility the greater their use of services.
Method
We conducted an observational, cross-sectional study between November 2014 and September 2015 within the rural Bellingen Shire, New South Wales (NSW), Australia. The North Coast NSW Human Research Ethics Committee approved this study (LNR 094). All participants gave written informed consent before data collection began.
The study population was people aged 80 years and older. We chose 80 years and older as an inclusion criterion to potentially increase the chance of people with mobility disability within the sample and because it is a separate category within the MESH dictionary. Exclusion criteria and rationale were: (i) aged care facility high-care resident -our definition of 'not communitydwelling'; (ii) major surgery of the lower limb or spine in past three months -suffering temporary change in mobility status; or (iii) full-time reliance on motorised methods of mobility -special needs, incapacity or disuse effects on mobility status. Capacity to provide informed consent was screened by the short portable mental status questionnaire 9 (SPMSQ). If a carer provided consent, a participant still required capacity to participate in the physical assessments. Recruitment occurred via media articles and direct invitation by treating medical practitioners and nurses. Available study resources enabled recruitment and assessment of 70 participants. This is 11.7% of the estimated eligible study population of 600. 10 Each participant was assessed once, in their home or community venue, by a physiotherapist (lead researcher) experienced in mobility assessment among older people.
Following cognitive screening, a structured verbal questionnaire gathered information necessary to describe the population sample. This included demographic information, health and falls information, plus self-rated data, including success in living at home. Participants provided data for the outcome variable of What is already known on this subject:
• Mobility status is a key aspect of assessments for access to government-funded support services to older people, in the provision of advice about informal supports, and may be an issue of particular significance to older people living in rural areas.
• Most research to date into the relationship between mobility limitation and use of services is based on self-report instruments or indirect assessments of mobility status.
• Research into the relationship between standardised performance-based mobility assessments and use of community services appears to be absent from the literature.
What this study adds:
• This study provides strong evidence that the worse an older person's objectively measured mobility scores, the greater their use of services to remain living in a rural community.
• These findings enhance previous knowledge based on self-report measures and provide the beginnings of an evidence base with the potential to improve the rigour of decisions regarding the provision and planning of services to older people.
• These findings support the principle that strategies that enhance older people's mobility may impact the care demands placed on individuals and governments and warrants investigation.
formal and informal service use: formal services defined as government-funded in-home services and transport; informal services defined as contributions from family, friends and volunteers plus commercial services replacing usual activities. 16 (comorbidities plus medication use).
The physical assessment included body mass index (BMI); vision (Low-Contrast Acuity Chart) 17 ; grip strength (hand-grip dynamometer) 18 ; short physical performance battery 19 (SPPB) involving standing balance, sit to stand, and usual gait speed; de Morton Mobility Index 20 (DeMMI) involving bed mobility, transfers and balance; and Four Square Step Test 21 (FSST) assessing dynamic balance.
All variables were summarised using descriptive statistics. The outcome of combined formal and informal service use was expressed as both the continuous variable of hours per month and also a dichotomous variable with the median score (five hours per month) as the cut-off point. The authors believe five hours demarcates typical pragmatic service use from managed package scenarios. Predictor variables were the performance-based measures of mobility: SPPB; FSST; gait speed; and DeMMI. SPPB results were analysed with both the standardised ordinal scoring 19 and a continuous rescaled score. 22 The DeMMI scores were analysed as interval data. 20 Potentially confounding variables were age, sex, years of education, living alone, number of adjusted errors on the SPMSQ, Complexity Score, pain for more than three months, BMI, vision status, Mini-Nut score and both subscales of the PANAS.
Both outcome variables were assessed in turn with each of the predictor and potentially confounding variables, using negative binomial regression for the continuous outcome variable and logistic regression for the dichotomous outcome variable. Any associations (P < 0.05) in the univariate analyses between outcome and predictor variables were separately included in a multivariable model containing all potentially confounding variables (P < 0.2 in the univariate analyses). Discrimination (the ability to distinguish high-risk participants from low-risk participants) was quantified using the area under the receiver-operating characteristic curve (AUC). 23 Data analysis was carried out using the Stata Statistical Software 13th edition (Stata Corporation, Texas, USA). Single imputation (the 'impute' command in Stata13) was used to replace the small amount of missing data, allowing all variables to be compared on the same dataset.
Results
A total of 86 people expressed interest in the study and received participant information packages. Of these, three were ineligible, eight eventually declined and five did not reply and were unable to be contacted, leaving 70 consenting study participants. The participant characteristics are summarised in Table 1 . All participants spoke English at home, over half of the group lived in a house, did not receive any formal services for support, had at least two steps to negotiate in the home or had less than five comorbidities. Onethird of participants lived alone and two-thirds did not use a mobility aid. Nearly half reported a fall in the past year, though only one fall-related hospitalisation. Ninety per cent of participants were strongly positive about their perception of their success in living at home, despite generally neutral responses about their health and balance. One participant with a known significant cognitive deficit could not respond to self-report instruments. Another participant declined to answer the PANAS.
Service use data are summarised in Table 2 . Fortythree per cent of participants received some type of formal subsidised services, the same rate as their peers across the state of NSW. 2 There was more than twice the amount of informal to formal service use. The primary reason for service use was nominated by 50 of the 59 participants receiving services as pain, balance, mobility or fatigue or cardiac issues.
In univariate analyses (Table 3) , each proposed predictor variable (mobility test) was found to be significantly associated with the outcome variable (service use), whether expressed as total hours per month (continuous variable; P < 0.003) or as five or more hours per month (dichotomous variable; P < 0.005). Examination of the standardised coefficients indicated that usual gait speed, SPPB continuous score and SPPB ordinal score had the strongest associations with the dichotomous outcome. Of the potential confounders, the negative subscale of the PANAS and the number of errors on the SPMSQ were individually associated with the continuous outcome (P < 0.05). The negative subscale of the PANAS, female sex and age were individually associated with the dichotomous outcome (P < 0.05).
In multivariable analyses (Table 4) , each predictor variable retained a significant association (P < 0.005) with total hours of service use after adjusting for potential confounders. For the dichotomised outcome variable, usual gait speed (P = 0.001) and both the continuous SPPB (P = 0.01) and ordinal SPPB (P = 0.01) retained a significant association. The PANAS negative subscale retained a significant association (P < 0.05) in each multivariable model with total hours of service use. No potentially confounding variable reached statistical significance (P < 0.05) in the multivariable models for the dichotomous outcome variable.
Discussion
This study found a strong association between the objectively measured mobility status of rural-dwelling people aged 80 years and over and their use of formal and informal services; the worse a person's mobility scores, the greater their use of compensatory assistance. This included both the total hours per month of services, as well as their risk of receiving five or more hours of services per month. Each of the five separate predictor variables (mobility measures) exhibited strong associations with the use of services, further strengthening the evidence of a general association. These findings supported our original hypothesis. SPMSQ, short portable mental status questionnaire; SPPB, short physical performance battery.
Self-report measures of activities of daily living and mobility limitation have been found to be associated with service use by older people. The authors are unaware of any previous testing of such an association against objective, standardised, performance-based mobility assessments. Therefore, these findings provide an important additional perspective on an issue of great significance to older people and the broader community.
This sample of rural-dwelling older people had exactly the same overall rate of formal community service usage, 43%, as their cohort across the state of NSW. 2 This should be interpreted with caution as the study has not used a representative sample, but it may mean residing in a rural setting had no significant impact on access to formal services for this group. This study has both limitations and strengths. The cross-sectional design and small sample (n = 70) mean results should be treated with some caution. Participants' service use data were not cross-checked. While participant selection was not random, all participants were community-dwelling and the sample was 11.7% of the study population. 10 No socioeconomic status data were collected, an issue relevant to accessing participant-funded services. The results are not applicable to people who rely on motorised mobility aids. However, the study focused on standardised, objective mobility measures rather than self-report activities of daily living measures. The associations found have strong statistical significance despite a relatively small sample size. The study design utilised multiple assessment tools, thereby increasing the risk of type 1 errors. This concern is ameliorated by the finding that all objective mobility measures proved to be strongly associated with the outcome variable. Objective mobility measures may assist health professionals in their decisions on service provision to older people in the community. The capacity to use outcomes from simple, objective mobility assessments that have published normative data may enable better service planning for individuals by clarifying and quantifying the relative mobility capacity of an individual to other older people. This may, in turn, allow better advice to families and carers. In particular, the use of usual gait speed as a screening tool is supported, a finding that parallels other findings. 24 Investigation of the impact of maintenance or reattainment of normal gait speed, lower limb strength and balance on maintaining independence while continuing to live at home is warranted. A positive impact would minimise financial and care demands on government and society while optimising mobility-related independence for older people. 8 
Conclusion
This study provides strong evidence of an association between an older person's objectively measured mobility status and the services they may use to remain living independently in their rural community. This objective evidence enhances previous knowledge based on self-report measures. The impact of strategies that enhance older people's mobility on the care demands placed on individuals and governments warrants investigation.
